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Meteorological	  data	  
used	  in	  Calc/Solve	  

•  Pressure:	  it	  is	  used	  to	  calculate	  the	  zenith	  hydrostaUc	  delay.	  
•  Temperature:	   a	   temperature	  mean	   is	   used	   to	   calculate	   the	   linear	  

expansion	   of	   the	   telescope	   components	   as	   VLBI	   telescopes	   are	  
deformed	  by	  Ume-‐dependent	  temperature	  effects.	  

⇒ The	  meteorological	  data	  affects	  the	  results	  of	  Calc/Solve.	  

•  Calc/Solve	   uses	   meteorological	   data	   from	   databases.	   The	   data	   in	  
these	   databases	   is	   coming	   from	   different	   sources:	   observaUons	  
done	  onsite	  by	  a	  met	  sensor	  (ideal	  case),	  observaUons	  recorded	  by	  
another	  met	  sensor	  in	  the	  neighborhood	  of	  the	  VLBI	  antenna	  (GPS	  
network	  for	  example)	  or	  data	  from	  a	  model.	  
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Pressure	  and	  Temperature:	  
What	  is	  in	  the	  databases?	  

 

 

AIRA 0 %
BADARY 0 %

CHICHI10 0 %
CRIMEA 100 %

DSS13 100 %
HOBART26 0 %
KASHIM34 0 %

KOKEE 0 %
MATERA 0 %
MEDICINA 0 %

METSAHOV 0 %
NOTO 100 %

NYALES20 0 %
ONSALA60 0 %
PARKES 0 %

SESHAN25 0 %
SINTOTU3 0 %
TIGOCONC 0 %

TSUKUB32 0 %
VERAISGK 0 %

VERAMZSW 0 %
WESTFORD 100 %
WETTZELL 0 %

ZELENCHK 0 %

Stations (24)

2010 VLBI sessions (20)

Missing

Met data in VLBI database

Missing met data

Session in which station did not participate
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Pressure	  and	  Temperature:	  
Missing	  data	  strategy	  of	  Calc/Solve	  

•  Use	   of	   a	   default	   value	   computed	  
from	   the	   posiUon	   of	   the	   staUon	  
(constant	   if	   no	   a	   priori	   posiUon	  
change).	  

•  Comparison	   with	   using	   «	   VMF	   met	  
data	   »:	   pressure	   and	   temperature	  
found	  in	  the	  VMF	  files.	  
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Conclusions:
!The pressure at a VLBI site is used to calculate the a priori hydrostatic delay. Errors in the pressure will lead

to errors in the hydrostatic delay, which in turn leads to changes in the estimates of local Up.

!For schedules with good sky coverage, such as those in CONT08, errors in pressure at a site have little effect

on horizontal coordinates of the site, or any of the coordinates at the other sites.

!Use of ECMWF reduces baseline scatter, indicating it is a viable alternative to local site-sensors. However,

you need to take care not to introduce biases in the pressure data.

!Using a default value for the pressure can lead to errors in local Up of up to 2 mm.

Future Work:
This note looked at the case when the met-data was missing. Another problem is when the met-data is bad, for

example, due to a faulty sensor. We plan on comparing met data in the VLBI database with ECMWF data to

search for instances of bad data.Depending on the site, the amount of missing met data ranges from 0% to 100%. With the exception of

Fortaleza (98.6%), Zelenchukskaya (93%), and Westford (20.6%), most frequently observed sites have met-

data for almost all of the sessions.

The above figure only indicates that there is met-data in the database. It does not address the issue of whether

the data is good or not.

Data from numerical weather forecasting models, such as NCEP or ECMWF, is a possible source to replace

bad or missing met-data. An advantage is that the data is always available. A disadvantage is that it is only

available on discrete lattice points at 6 hour intervals. To use the data in VLBI processing, you need to

interpolate it spatially and temporally. We studied the use of this data during CONT08 and for the year 2008.

We started with publicly available temperature and pressure data at 6 hour intervals derived from ECMWF

and spatially interpolated to the location of VLBI sites by the Technical University of Vienna. We used

cubic splining to interpolate in time. The figures below compare this data with that from local met-sensors

for 4 of the 11 sites that participated in CONT08. Zelenchukskaya had no met data during this period.
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1. The pressure is used to calculate the a priori atmospheric delay along the line of site using the Saastamoinen
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2. More recently, temperature measurements are used to calibrate the thermal deformation of the antennas.

Most VLBI stations have meteorological sensors that record the  pressure, temperature and relative humidity.  
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bad or missing met data.  A few VLBI stations have little or no met data.

In the absence of met data, the VLBI analysis package solve uses default values for the met data which depend 

only on the site latitude. These have no seasonal dependence. 

In our study we wanted to address the following goals:

1. How often is the met data bad or missing?

2. Are there viable alternatives to using met-data from met-sensors on the site?

3. What is the effect of missing met data on VLBI estimates?

In this poster we present partial answers to all of these questions. 
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Fortaleza has no met data for 98.6% of the 2008 VLBI sessions. As mentioned previously, in cases where

there is no met data, solve uses a default constant value. We did a solution with the R1 and R4 sessions using

ECMF derived met-data for Fortaleza, and compared it with a solution using default values.
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On average the ECMWF met data tracks the data from local site sensors. However, the time resolution of the

ECMWF is too coarse to follow short term variations in pressure and temperature, for example, the semi-

diurnal variation in pressure seen at Kokee, or the diurnal temperature variations seen at many stations.

For most sites, with the notable exception of Svetloe, there is no bias between the two pressure series.

Based on the above, it looks like ECMWF data may be a reasonable source for met data in VLBI analysis.

There is, however, the problem of the offset in pressure data at Svetloe. An offset in pressure leads to a change

in the a priori zenith hydrostatic delay. Naively, this change would all be absorbed into the estimate of the

tropospheric delay. We ran a series of solutions to investigate the effect on other parameters:

1. Reference solution with pressure from VLBI database.

2. Solutions using pressure from ECMWF.

3. Solutions where the pressure in the database was offset by 2, 5 and 10 mbar.

The alternative solutions in 2 and 3 were compared against the reference solution.
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Changing the pressure at Svetloe leads to changes in DE"#&$"/2 Up coordinate. The East and North coordinates

of Svetloe are barely affected, as are the coordinates of the other stations. The change in Up is a linear function

of the change in the pressure, with slope 8.9 mbar/mm.

We mention in passing that the slope is strongly dependent on the minimum elevation. The lower the angle, the

larger the effect.

Z elenchukskaya, which had no met-data during CONT08 is a good candidate to see the affect of using ECMF

to replace missing met-data. Using ECMWF data improved the day-to-day consistency of the VLBI estimates

of station position, as shown by reduction in baseline scatter on 6 of the 8 baselines to Zelenchukskaya. This

also had the affect of changing the estimate of local Up at Zelenchukskya by 0.3 mm. The affect on the other

coordinates of Zelenchukskaya, and the coordinates of other stations was negligible.
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Compared to using default met-data, using ECMWF

met-data reduces baseline scatter on baselines to

Fortaleza. The dominant effect on geodetic parameters

is to change the estimate of Fortaleza Up by up to 2

millimeters. The change in East and North (not shown)

is much less, typically well under 0.1 mm.

The change in Fortaleza Up is strongly correlated with

the difference in pressure between the default and

ECMF values.
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We wish to thank the VLBI group at the Technical University of Vienna, in particular, Johannes Böhm and

Harald Schuh, for making their time series of met-data available to us.

Effect	  of	  Using	  VMF	  met	  data	  at	  Zelenchukskaya	  

VMF	  



K. Le Bail – IVS GM 2012 Madrid, Spain 

Improving	  VLBI	  processing	  by	  using	  
homogeneous	  data	  for	  Pressure	  and	  Temperature	  

Pressure	  and	  Temperature:	  
Abnormal	  behavior	  

Quality	  of	  the	  meteorological	  data	  in	  the	  databases?	  
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Wes`ord	  temperature	  on	  
17/18	  June	  2002	  according	  
to	  the	  Calc/Solve	  databases.	  
The	  temperature	  is	  in	  Celsius	  degrees.	  
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Pressure	  and	  Temperature:	  
Intermediate	  conclusions	  

•  The	  data	  base	  is	  not	  homogeneous	  in	  terms	  of	  meteorological	  data.	  It	  
contains	  missing,	  biased	  and	  inaccurate	  data.	  

•  That	  impacts	  directly	  the	  quality	  of	  the	  VLBI	  processing,	  as	  shown	  in	  
previous	  studies:	  
–  The	  WRMS	  is	  affected	  (for	  example,	  by	  using	  CALC/SOLVE	  default	  value:	  

0.12mm	  for	  2	  weeks	  in	  the	  case	  of	  Zelenchukskaya	  and	  1mm	  for	  9.5	  years	  in	  
the	  case	  of	  Wes`ord);	  

–  The	  determinaUon	  of	  the	  Up	  component	  varies	  within	  a	  significant	  level	  
(8.9mbar/mm	  for	  Svetloe).	  

•  Using	  a	  constant	  default	  value	  to	  replace	  missing	  data	  is	  not	  a	  saUsfying	  
soluUon.	  

•  It	  is	  necessary	  to	  have	  a	  homogeneous	  data	  base	  for	  the	  meteorological	  
data:	  
–  Homogeneous	  meteorological	  sensors	  in	  the	  global	  network	  (VLBI2010	  

specificaUon);	  
–  Meteorological	  data	  3me	  series	  derived	  from	  a	  model.	  
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A	  homogeneous	  set	  of	  
meteorological	  data	  

•  Data	  in	  netCDF	  format	  downloaded	  from	  the	  European	  Center	  for	  Medium-‐Range	  
Weather	   Forecasts	   (ECMWF)	   website:	   www.ecmwf.int.	   The	   data	   is	   given	   on	   a	  
1.5x1.5	  degree	  equal	  angular	  grid	  every	  six	  hours	  from	  1979	  to	  2012.	  

•  First	  step:	  determinaUon	  of	   the	   four	  points	  around	  the	  VLBI	  staUon	  P.	  We	  obtain	  
four	  Ume	  series	  of	  pressure	  and	  temperature	  at	  geopotenUal	  height	  (Q	  points).	  

•  Second	   step:	  extrapolaUon	   of	   the	   pressure	   and	   temperature	  
Ume	   series	   of	   those	   four	   points	   from	   the	   grid	   height	   to	   the	  
height	  of	  the	  staUon:	  
• 	  	  	  Temperature:	  Ajer	  calculaUng	  the	  geometric	  height	  difference,	  we	  use	  
the	  lapse	  rate	  of	  0.006499°	  K/m	  to	  height	  adjust	  the	  temperature	  series.	  
• 	  	  	  Pressure:	  We	  use	  the	  barometric	  height	  formula	  (Zdunkowski	  and	  BoE,	  
2004):	  

p(z) = p0(
T0 − Γ∆z

T0
)

g
RΓ

T0 − reference temperature
p0 − reference pressure

Γ− lapse rate

R− gas constant
g − acceleration due to gravity

∆z − difference in geopotential height

•  Third	  step:	  bilinear	  interpolaUon	  of	  the	  four	  sets	  of	  pressure	  and	  temperature	  Ume	  
series	  –	  linear	  interpolaUon	  in	  the	  x-‐direcUon	  first	  and	  then,	  in	  the	  y-‐direcUon.	  
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A	  homogeneous	  set	  of	  
meteorological	  data	  
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Recent	  developments	  in	  Calc/Solve	  

•  Choice	  in	  using	  external	  sources	  for	  meteorological	  data:	  
–  Databases	  data	  (default);	  
–  GSFC	  service	  meteorological	  data.	  

•  Thermal	  deforma3on	  model:	  
–  Time	   lags:	   2	   hours	   for	   steel	   (Nothnagel	   et	   al.	   1995)	   and	   6	   hours	   for	   concrete	  

telescope	  structures	  (Elgered	  and	  Carlsson	  1995)	  or	  values	  defined	  by	  user;	  
–  Temperature	  used:	  either	  from	  the	  databases	  or	  from	  external	  sources.	  

•  Those	  new	  opUons	  will	  be	  available	  in	  the	  next	  release	  of	  Calc/Solve.	  
•  Tests	  done	  with	  those	  new	  opUons:	  

–  Using	  GSFC-‐ECMWF	   derived	   Ume	   series	   instead	   of	   the	  meteorological	   data	   of	  
the	  databases:	  
	  1/	  impact	  of	  the	  improvement	  in	  homogeneity	  of	  the	  Pressure	  Ume	  series;	  
	  2/	  impact	  of	  the	  improvement	  in	  homogeneity	  of	  the	  Temperature	  Ume	  series;	  
	  3/	  impact	  of	  using	  the	  Ume	  lag	  opUon	  with	  2	  hours	  for	  steel,	  6	  for	  concrete.	  
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Comparison	  with	  VMF-‐ECMWF	  
Pressure	  and	  Temperature	  

•  VMF-‐ECMWF:	   meteorological	  
data	   from	   the	   ECMWF	   model	  
interpolated	   to	   the	   VLBI	  
staUon	   posiUons	   (J.	   Boehm).	  
Grid	  resoluUon:	  0.25o	  x	  0.25o.	  

•  A	   jump	   between	   the	   data	   in	  
the	   databases	   and	   VMF-‐
ECMWF	  is	  idenUfied	  at	  the	  end	  
of	  2004.	  This	  jump	  can	  be	  seen	  
with	   different	   magnitudes	   in	  
other	   staUons	   pressure	   Ume	  
series	   (Kouba,	   2007).	   This	   is	  
partly	  explained	   (cf.	   J.	  Boehm)	  
by	   the	   modificaUon	   of	   the	  
analysis	   strategy	   (geoid	  
model).	  

•  Problem	   of	   homogeneity	   in	  
the	  VMF-‐ECMWF	  Ume	  series.	  

Wes`ord	  

Tsukuba	  

Wepzell	  

Pressure	  differences	  -‐	  moving	  average	  in	  mbar	  
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VMF 50.69% improved, 33.33% worse
ECMWF 52.08% improved, 36.11% worse

Impact	  of	  the	  improvement	  in	  homogeneity	  
of	  the	  Pressure	  Ime	  series	  

•  All	   R1	   and	   R4	   sessions	  
from	  2002	  to	  2011;	  

•  Using	   the	   Pressure	   from	  
either	   GSFC-‐ECMWF	   or	  
VMF-‐ECMWF	   compared	  
with	   using	   the	   Pressure	  
from	  the	  databases:	  
–  Using	  GSFC-‐ECMWF	  

instead	  of	  the	  databases	  
improves	  52.08%	  of	  the	  
baselines	  considered	  
(11.81%	  unchanged);	  

–  Using	  VMF-‐ECMWF	  
instead	  of	  the	  databases	  
improves	  50.69%	  of	  the	  
baselines	  considered	  
(15.98%	  unchanged).	  

GSFC	  
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Impact	  of	  the	  improvement	  in	  homogeneity	  
of	  the	  Pressure	  Ime	  series	  

•  All	   R1	   and	   R4	   sessions	  
from	  2002	  to	  2011;	  

•  Using	   the	   Pressure	   from	  
either	   GSFC-‐ECMWF	   or	  
VMF-‐ECMWF	   compared	  
with	   using	   the	   Pressure	  
from	  the	  databases;	  

•  Baseline	  length	  
repeatability	  per	  sta3on.	  

GSFC	  
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Impact	  of	  the	  improvement	  in	  homogeneity	  
of	  the	  Temperature	  Ime	  series	  

•  All	   R1	   and	   R4	   sessions	  
from	  2002	  to	  2011;	  

•  Using	   the	   Temperature	  
from	   either	   GSFC-‐ECMWF	  
or	   VMF-‐ECMWF	  
compared	   with	   using	   the	  
Temperature	   from	   the	  
databases:	  
–  Using	  GSFC-‐ECMWF	  

instead	  of	  the	  databases	  
improves	  46.53%	  of	  the	  
baselines	  considered	  
(18.75	  %	  unchanged);	  

–  Using	  VMF-‐ECMWF	  
instead	  of	  the	  databases	  
improves	  45.13%	  of	  the	  
baselines	  considered	  
(11.82	  %	  unchanged).	  
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External VMF 45.13% improved, 43.05% worse
External ECMWF 46.53% improved, 34.72% worseGSFC	  
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Impact	  of	  the	  improvement	  in	  homogeneity	  
of	  the	  Temperature	  Ime	  series	  

•  All	   R1	   and	   R4	   sessions	  
from	  2002	  to	  2011;	  

•  Using	   the	   Temperature	  
from	   either	   GSFC-‐ECMWF	  
or	   VMF-‐ECMWF	  
compared	   with	   using	   the	  
Temperature	   from	   the	  
databases;	  

•  Baseline	  length	  
repeatability	  per	  sta3on.	  

GSFC	  
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•  All	  R1	  and	  R4	  sessions	   from	  
2002	  to	  2011;	  

•  Using	  the	  Temperature	  from	  
GSFC-‐ECMWF	   with	   or	  
without	  3me	  lags	  compared	  
with	   using	   the	   Temperature	  
from	  the	  databases:	  
–  Using	  GSFC-‐ECMWF	  

instead	  of	  the	  databases	  
improves	  46.53%	  of	  the	  
baselines	  considered	  
(18.75	  %	  unchanged);	  

–  Using	  VMF-‐ECMWF	  and	  a	  
(2,6)	  Ume	  lag	  instead	  of	  
the	  databases	  improves	  
41.67%	  of	  the	  baselines	  
considered	  (23.61	  %	  
unchanged).	  0 2000 4000 6000 8000 10000 12000 14000

0.5

0.4

0.3

0.2

0.1

0

0.1

0.2

0.3

Baseline length (km)

W
rm

s 
D

iff
er

en
ce

 (
m

m
)

WRMS difference from SOLVE run 2002 2011 R1/R4

 

 

External 46.53% improved, 34.72% worse
External Lagged 2.0 6.0 41.67% improved, 34.72% worse

Impact	  of	  the	  improvement	  in	  
homogeneity	  of	  the	  Temperature	  Ime	  series	  and	  

using	  a	  (2,6)	  Ime	  lag	  for	  the	  thermal	  deformaIon	  model	  
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•  All	  R1	  and	  R4	  sessions	   from	  
2002	  to	  2011;	  

•  Using	  the	  Temperature	  from	  
GSFC-‐ECMWF	   with	   or	  
without	  3me	  lags	  compared	  
with	   using	   the	   Temperature	  
from	  the	  databases;	  

•  Baseline	  length	  
repeatability	  per	  sta3on.	  
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Impact	  of	  the	  improvement	  in	  
homogeneity	  of	  the	  Temperature	  Ime	  series	  and	  

using	  a	  (2,6)	  Ime	  lag	  for	  the	  thermal	  deformaIon	  model	  
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•  All	   R1	   and	   R4	  
sessions	   from	  
2002	  to	  2011;	  

•  Using	   the	  
Temperature	  from	  
GSFC-‐ECMWF	  
with	   or	   without	  
3me	   lags	  
compared	   with	  
using	   the	  
Temperature	   from	  
the	  databases;	  

•  Seasonal	  change	  
in	  annual	  
amplitude	  for	  the	  
Up	  component.	  

Impact	  of	  the	  improvement	  in	  
homogeneity	  of	  the	  Temperature	  Ime	  series	  and	  

using	  a	  (2,6)	  Ime	  lag	  for	  the	  thermal	  deformaIon	  model	  
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Conclusions	  and	  perspecIves	  
•  The	   databases	   used	   to	   process	   VLBI	   data	   with	   Calc/Solve	   contains	   missing	   and	  

inaccurate	  data	  that	  affects	  the	  quality	  of	  the	  Calc/Solve	  soluUons;	  

•  GSFC	   has	   developed	   a	   homogeneous	   set	   of	   Temperature	   and	   Pressure	   Ume	   series	  
derived	   from	   ECMWF	   data.	   This	   set	   is	   available	   online:	  
hpp://lacerta.gsfc.nasa.gov/met/	   .	   It	   can	   be	   extended	   to	   any	   staUons,	   given	   its	  
posiUon.	  GSFC	  has	  the	  tools	  to	  easily	  compute	  Pressure	  and	  Temperature	  Ume	  series	  
for	  new	  staUons	  or	  staUons	  of	  other	  techniques.	  

•  Using	   the	   GSFC	   ECMWF-‐derived	   Temperature	   and	   Pressure	   Ume	   series	   improves	  
considerably	  the	  VLBI	  WRMS	  of	  the	  soluUons	  and	  decreases	  the	  annual	  amplitude	  of	  
the	  verUcal	  components.	  

•  New	  opUons	  in	  Calc/Solve	  allow	  the	  user	  to	  use	  these	  Ume	  series.	  The	  next	  release	  
of	  Calc/Solve	  will	  contain	  those	  opUons.	  

•  Since	   the	   processing	   results	   are	   significantly	   affected	   by	   the	   homogeneity	   of	   the	  
data,	  a	  global	  reanalysis	  of	  the	  data	  may	  be	  necessary.	  
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Pressure	  and	  Temperature:	  
Abnormal	  behavior	  

Quality	  of	  the	  meteorological	  data	  in	  the	  databases?	  

17!Jun!2002 17:31:03 18!Jun!2002 17:31:03
!40

!30

!20

!10

0

10

20

30

Wes`ord	  temperature	  on	  
17/18	  June	  2002	  according	  
to	  the	  Calc/Solve	  databases.	  
The	  temperature	  is	  in	  Celsius	  degrees.	  

Wes`ord	  temperature	  in	  Celsius	  degrees	  
from	  2002	  to	  2011	  from	  three	  sources:	  
-‐ 	  The	  Mark3	  databases;	  
-‐ 	  The	  VMF	  files;	  
-‐ 	  The	  GSFC/ECMWF	  files.	  
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Jumps	  in	  VMF-‐ECMWF	  Pressure	  series	  

•  When	   compared	   to	   other	  
sources	   of	   met	   data,	   we	  
found	   systemaUc	  
differences	   between	   the	  
pressure	  Ume	  series	  of	  the	  
database	   (DB)	   and	  
external	   sources	   (VMF-‐
ECMWF,	   ECMWF,	   SA01).	  
The	   following	   plots	   show	  
the	   pressure	   data	   for	  
Wes`ord	   in	   R1	   and	   R4	  
sessions	   from	   2002	   to	  
2010.	  

•  From	   2006,	   the	   met	   data	  
in	  the	  databases	  is	  the	  met	  
data	   from	   the	   SA01	   met	  
sensor	   (+3.2mbar,	   cf.	  
memo	  	  	  	  A.	  Niell).	  
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Seshan	  
Temperature	  abnormal	  behavior	  
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•  All	  R1	  and	  R4	  sessions	   from	  
2002	  to	  2011;	  

•  Using	  the	  Temperature	  from	  
GSFC-‐ECMWF	   with	   or	  
without	  3me	  lags	  compared	  
with	   using	   the	   Temperature	  
from	  the	  databases;	  

•  Ver3cal	  Component	  WRMS.	  
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Impact	  of	  the	  improvement	  in	  
homogeneity	  of	  the	  Temperature	  Ime	  series	  and	  

using	  a	  (2,6)	  Ime	  lag	  for	  the	  thermal	  deformaIon	  model	  


